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REVIEW OF STUDIES ON BLOOD SUGAR*

EDWARD THOMAS WATERS, Ph.D., D.Sc.
Associate Professor, Department of Physiology, University of Toronto

535_S£R. MOSENTHAL and Members of the New York Diabetes
Association, I thank you for your words of encourage-
ment. This title, of course, permits a good deal of lati-
tude to the lecturer, and what applies to the lecturer
will also apply to the discussers who are -to follow.

By way of introduction I should like to quote von Noorden's views
on Diabetes Mellitus, as published at the beginning of this century in
Volume III of his "Metabolism and Practical Medicine."'

"So long as we know no more about the nature of the diabetic
process than we do at present we must, in common with former gen-
erations, define diabetes mellitus in terms of its most important clinical
symptom-as .a chronic disease in which grape-sugar is excreted in the
urine. This definition however needs certain limitations, of which the
following may be mentioned:

i. The quantity of sugar must be demonstrable by the ordinary
clinical tests. The question whether normal urine contains traces of
grape-sugar, to be detected only by the most delicate methods, may
be left for the moment.

2. The grape-sugar must occur in the urine when the carbohydrate
in the food is not more than that in ordinary human diet, or when
the carbohydrate food is reduced in quantity or even stopped altogether.
Cases where glycosuria only occurs after partaking of unusually large
quantities of carbohydrate can scarcely be regarded as diabetes mellitus
in a clinical sense.

3. The tendency to glycorusia must be persistent-that is to say,
it must last at least some weeks or months. There are many conditions
of ill-health in which a temporary disposition to glycosuria occurs.
Such are not called diabetes mellitus, although there is considerable
evidence that in both cases the glycosuria has the same fundamental

* Presented March 19, 1948 at an Open Meeting of the New York Diabetes Association at The
New York Academy of Medicine.
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cause (see anomalies of pancreatic function)."
I would draw attention to one point only, namely, the stress given

to the estimation of sugar in the urine. Since that time emphasis has
shifted from the estimation of sugar in urine to that in blood. I should
now like to quote from Dr. Best's account of the "Discovery of In-
sulin" as narrated to the American Diabetes Association at the z5th
Anniversary celebrations of its discovery. "It is obvious to all of you
that we had many advantages over our predecessors in the search for
the antidiabetic hormone. Certainly one of the greatest-probably the
most important of all-was the availability of a good method for the
estimation of sugar in small amounts of blood." It is with good methods
for the estimation of sugar in small amounts of blood, and some results
drawn from them that we are now concerned. No other constituent
of the tissues is tested for as often as sugar. Yet no one has seen sugar
from blood, for it has never been isolated as such. In 1892 Pickard is
reported to have prepared from blood an osazone, which appeared to
be identical with glucosazone. It would not seem to be a difficult matter.9
to obtain a crystalline preparation of the sugar of the blood in reason-
ably quantitative yield. As far as I am aware it has not however been
done. In spite of the lack of this direct and most satisfying of all proofs,
there is a great deal of evidence supporting our general belief that the
sugar of the blood is an equilibrium mixture of a- and P - glucose of
the normal or pyranose type. In the fasting state we may say that it and
it alone, in free solution, constitutes the uncombined sugar of the blood.
In the cells there is a very small quantity of sugar phosphates; the
amounts are always small. There is also present in blood plasma a rela-
tively large amount of sugar of one kind and another, in the form of
polysaccharides, conjugated with, and an integral part of the various
globulin proteins. With such sugar constituents we are not concerned,
though this combined sugar has been the subject of many scientific
treatises. What we are concerned with is the freely diffusible reducing
sugar of the blood, which under some conditions remains surprisingly
constant in ambunt and yet at other times will vary in amount rapidly
and widely.

Glucose is a reducing sugar and since it contains within its mole-
cule asymmetric carbon atoms it is optically active; that is, its solutions
rotate the plane of polarized light. At one time because the reduction
value and the optical rotation value of a blood filtrate did not show
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corresponding agreement, and because the optical rotation was lower
than the equivalent reduction value, if the material being estimated
was normal glucose it was supposed that some of the sugar existed in
another form, a - and t -, y - glucose. As can be seen in Figure i, the
a- and P - forms of y glucose are represented as having a smaller ring
structure than the corresponding forms of normal or pyranose glucose.
This -y glucose has a lower specific rotation, and will reduce Fehling's
solution rapidly even at room temperature and is therefore sometimes
referred to as "reactive glucose." It was therefore seized on by some
as the biologically active form of glucose. We now know, that the
earlier evidence for such a reactive form of glucose was not valid
because the various biological extracts, that of blood included, which
were examined contained other substances besides sugar possessing both
reducing and optical properties. There is, of course, nothing mysterious
-about this reactive form of the simple sugars. It is the reactive form
of fructose (or laevulose) that is present in ordinary cane sugar, a fact
that foiled chemists for years in their efforts to synthesize cane sugar.
Fructose phosphates, to which reference will be made later, also have
this smaller ring structure. There is no evidence, nor is there any need
at present, to suppose that glucose is metabolized via "reactive" or y
glucose. It is now realized that the relatively inert glucose molecule
becomes more active metabolically when esterified with phosphoric acid.

There are a variety of methods for the estimation of glucose in
blood. The blood is first deproteinized, by one of a number of protein
precipitants. The popular methods on this continent depend upon the
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estimation of the sugar in the filtrate by heating under specified condi-
tions with a copper solution. These copper solutions might all be re-
garded as modifications, some of them very considerable modifications,
of the well known and prototype solution of Fehling, which will be
celebrating its centennial next year.

Copper sulphate is a common constituent, but the other ingredients
vary in identity and in amount. In general it might be said that those
who have designed such modifications have had these objects in mind:
firstly, a solution which will give the greatest reduction per unit of glu-
cose, and secondly, the smallest reduction for those other constituents
of blood filtrates which are also reducing agents. There are just two
other points which should be mentioned here: firstly, with these various
copper reagents and indeed with most other reagents used for the esti-
mation of blood sugar there is no theoretical amount of reduction which
should be made per unit of glucose present, i.e., one cannot calculate
the amount of cuprous oxide formed by a known amount of glucose.
This is so because the end aldehyde group of the sugar is not the only
reducing grouping, since in the alkaline solution the glucose molecule
split at a number of points and some of these split products are them-
selves reducing. It is therefore necessary to bear in mind the empirical
nature of these estimations and the prime necessity of carrying out each
estimation under the prescribed conditions. There should be strict com-
parison with the behavior of standard solutions of glucose of comparable
concentration treated in precisely the same way. Some methods are not
very reliable when glucose is present in low concentration. Secondly,
a copper reagent designed by one investigator will not necessarily give
the same reducing value with all kinds of blood filtrate. That is to say,
different deproteinizing reagents give precipitates which carry down
with them varying quantities of non-sugar reducing substances. The cop-
per reagents purporting to give free sugar values should therefore be
used with the particular kind of blood filtrate for which they were
designed.

It is sometimes argued (sometimes, one suspects, just for the sake of
argument!) that these so-called "true glucose" methods for blood, claim
to be so because they give lower values than the older methods. This
attitude gives rise to the expression "the so-called true blood sugar con-
centration. . . ." The imputation is that the lower the reduction value
the more likely the designer or analyst is to call his method one for the
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TABLE I. HIGH VALUES FOR NONGLUCOSE REDUCING SUBSTANCES
IN A SUGAR TOLERANCE TEST

Venous Blood Venous Blood
Sugar, Sugar,. lmnglucose
Mg. per Mg. per Reducing
100 cc., 100 cc., Substances,

True Blood Folin-Wu Mg. per
Timning Sugar Method 100 cc.

Fasting.--------.-......-.. 87 138 51

100 Gm. glucose by mouth-....--
%2 hour later ..... . 102 176 74
1 hour later ...... 109 178 69
2 hours later ..... .....90 168 78

According to the true venous blood sugar this is a normal curve, while the Folin-
Wu method indicates a diminished sugar tolerance. This is an example of the hazard of
an erroneous interpretation of blood sugars when the analyses include nonfermentable
substances, whereas the correct diagnosis is revealed by the true blood sugar determina-
tions.

Male (S. B. G.) age 44. Glycosuria found on Life Insurance examination 7-8 years
ago; no glycosuria since that time. [Mosenthal and Barry (1946)]

estimation of true blood sugar, and the critic suspects that something
has happened to the sugar, either it is lost in the protein precipitate or
there is something in the filtrate or the sugar reagent which prevents the
full reducing activity of the glucose. This is not necessarily so. The
criteria which should be obeyed were those laid down very clearly by
Benedict (1928).2 Our techniques have improved but the criteria are
essentially unchanged. The blood filtrate, after rapid fermentation with
a relatively large amount of well-washed yeast, should give very little
or no reduction with the reagent. The reduction, that is the glucose
value obtained with the unfermented filtrate should not be less than the
value obtained as the difference between total reduction before fermen-
tation and residual reduction after fermentation by another standard-
ized method. And lastly, the glucose added in known amount to the
fermented filtrate should give the calculated reduction.

The titrimetric copper methods have been modified so that they
may be turned into colorimetric procedures; as for example that of
Nelson (I944)3 and of Somogyi (I945) . In the clinical laboratory one
method may be more convenient than another. But surely every effort
should be made to use a method in which non-sugar reducing substances
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FIG. 2. Maximal, average, and minimal blood sugars
after the ingestion of 40 gm. of galactose and 80 gmn.
of galactose. Average urine galactose after 40 gm. =
500 mg. Average urine galactose after 80 gm. = 2650
mg. [Harding and Grant (1933]

play little or no part. It is claimed with other methods in current use
that while these non-sugar reducing substances give a substantial figure
when calculated in terms of glucose, this value is relatively constant in
different individuals in the absence of renal disease and that there is
little variation in the same individual during the course of a glucose tol-
erance test. In the experiences of some, these assumptions are not justi-
fiable, e.g. in Table I are shown results obtained by Mosenthal and
Barry (1946).' Some clinicians state that it does not matter what method
is used as long as they are told the normal limits as obtained by these
methods. But I do not think this is a sound argument. If the non-sugar
reducing substances vary from individual to individual and certainly
if there is variation in the same individual over the course of the glucose
tolerance curve, then surely a method giving true sugar values would be
more reliable. It would be especially useful in cases of mild diabetes.

Mention might also be made here to the extensive work done on the
"true sugar" of urine. The preliminary treatment of urine before quan-
titative testing for glucose was well explored by Harding and his asso-
ciates (see Nicholson and Archibald6).

If galactose or fructose is fed alone, as is glucose in performing the
oral glucose tolerance curve, there is a substantial increase in the sugar
concentration of the blood.7'8'9 With galactose the increased concentra-
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FIG. 3. Showing glucose and fructose in cuta-
neous blood after oral administration of 50 g.
fructose. [Harding, Nicholson and Armstrong (1933)]
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FIG. 4. Arterial-venous differences in blood sugars after the in-
gestion of 40 gm. of galactose. The solid line represents arterial
blood; the broken line, venous blood. [Harding and Grant (1933)]
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FIG. 5. Curves showing the clearance of galactose from the blood follow-
ing the intravenous injection of 500 mgm. of galactose for each kilogram of
body weight in the normal, N, and hepatectomized, H, dog. The curves are
expressed in milligrams of galactose for each 100 cc. blood. The rectangles
indicate the total amount of galactose excreted in the urine; shown as milli-
grams for each kilogram of body weight so that 500 would represent com-
plete recovery of galactose. [Bollman, Mann and Power (1935)]

tion of blood sugar is largely due to the presence of galactose, and the
maximum blood galactose concentration increases when increasing
amounts of galactose are fed (Fig. 2). When fructose is absorbed the
increase in blood sugar is largely due to an increase in glucose, the con-
centration of fructose being very small (Fig. 3). In the absorption of
these hexoses from the small intestine it is supposed that all three are
phosphorylated, and passed into the blood as free hexoses, with possibly
some small amount of conversion of fructose and galactose to glucose
during the absorption process.

The rate at which the galactose is removed from the blood is gener-
ally regarded as an index of the efficiency of the liver; at least as far as
carbohydrate function is concerned. Galactose is of little value in the
prevention of hypoglycemia in the dog following removal of its liver
(Bollman, Mann and Power, I93510). But there can be no doubt that
galactose is used by tissues other than the liver (Fig. 4). Further when
galactose is injected into a liverless dog the rate of removal of the galac-
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tose is much the same as before removal of the liver (Fig. 5). There is
a greater excretion of galactose in the urine of the liverless animal.

Recent work has shown that the kidneys can contribute to the main-
tenance of the concentration of blood sugar; while the liver must not
therefore be regarded as the sole source of the blood sugar, it is easily
the prime source, in quantity. The approximate amount produced under
resting conditions may be gauged from studies on hepatectomised ani-
mals. The liverless dog requires about ¼4 g./K./hr. to maintain a nor-
mal blood sugar level. For a variety of reasons the amount of sugar
secreted by the liver ordinarily may be appreciably less than this. I
should like to comment upon one piece of evidence only. It was shown
that the oxygen consumption of the liverless dog is the same as before
removal of the liver (Mann and Boothby, 192811), and substantially
the same results were obtained by Drury and McMaster12 with the
liverless rabbit. Bearing in mind the considerable metabolic activity of
the liver, it is not easy to account for this lack of a decrease in oxygen
consumption. It is possible that after the operation there is increased
tone in the muscles: that is, the liverless animal is not really in the basal
state. One is therefore led to the conclusion that the rate of usage of
sugar by the peripheral tissues of the liverless animal is higher than that
ordinarily provided by the liver in the resting animal. Crandall and
Cherry by means of London cannulae suggest that the amount may be
about I 8o mgm./K./hr. for the normal dog.13

There can be no doubt that in the disposal of sugars absorbed from
the small intestine or injected parenterally the liver plays an important
part. The shape of the glucose tolerance curve and for that matter the
fructose or the galactose tolerance curves are partly determined by the
activity of the liver. It comes as something of a surprise to learn that the
glucose and the galactose tolerance curves are so little altered in the
liverless animal. Thus the intravenous injection of V2 g. per kilo body
weight of galactose or of glucose in the liverless dog gives essentially
the same die-away curves as in the intact animal. And yet it is well
established clinically that the glucose tolerance curve is sometimes
altered in liver disease; and that the excretion into the urine of galactose
is appreciably increased in liver disease. Part of the explanation may
well be that the liverless animal is not in the basal state: that is to say it
is undoubtedly using more sugar (glucose or galactose) than would
the peripheral tissues of the normal resting animal. This point is not
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FIa. 6. [Griffiths and Waters (1936)1

generally appreciated. If it is borne in mind it will be seen that the inter-
pretation of laboratory findings in clinical cases will be in better agree-
ment with that of experimental work carried out on animals.

Fructose does prevent hypoglycemia in the liverless animal, but
does not relieve the symptoms of hypoglycemia once established. We
have found that while fructose will prevent the decrease in the blood
glucose concentration of the liverless animal, there is no increase in the
glucose concentration even when large doses of fructose are injected14
(Fig. 6).

There is another interesting reaction with fructose which I think
again concerns the liver and may well be part of the homeostatic mech-
anism concerned with sugar equilibria in that organ. The intravenous
injection of fructose into a dog absorbing glucose from its intestine
markedly decreases the concentration of glucose in the blood. That is
to say, there is a very marked effect upon the glucose tolerance curve
(Fig. 7). That this is not the result of a stimulation of the pancreas to
secrete extra insulin, was shown by experiments on depancreatized
dogs; for the, same effect of fructose on the glucose tolerance curve
could be demonstrated, provided insulin (exogenous in these animals)
is present in the tissues (Fig. 8). A similar effect has been obtained on
injecting a solution of sorbitol, instead of fructose.
A possible interpretation of this fructose effect may be based upon
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FIG. 7. The effect of fructose on the glucose tolerance curve of the nor-
mal dog.
o -o Glucose tolerance curve (control).
* * Glucose tolerance curve after intravenous injection of fructose

(0.5 g. per kg. body weight) at time marked with arrow.
*- --- Blood fructose values.
(Arrow indicates time of sugar injection. [Fletcher and Waters (1938)]

the recent investigations of the hexokinase and related enzyme systems.
It will be seen (Fig. 9) that blood glucose is converted to glucose-6-
phosphate by the hexokinase acting in conjunction with adenosine
triphosphate. Glucose-6-phosphate is converted to glucose-i-phosphate
and this latter compound through the mediation of phosphorlyase is
converted to glycogen. Fructose can also be phosphorylated by the
same hexokinase system and the fructose-6-phosphate so formed can be
converted to glucose-6-phosphate. From a simple view of the mass
action effects one would suppose that increasing the concentration of
glucose-6-phosphate from fructose-6-phosphate would decrease the
amount of glucose directly esterified to glucose-6-phosphate and there-
fore the blood glucose instead of decreasing would rather increase in
concentration. Presumably some fructose-6-phosphate is converted to
glucose-6-phosphate, but some passes directly to fructose-i: 6-diphos-
phate. Fructose-i: 6-diphosphate is converted by a series of changes
into lactic acid and chemical energy is liberated, especially for the
resynthesis of adenine triphosphate. It may be that the availability of
this compound is the limiting factor in the synthesis of glucose-6-phos-
phate from blood glucose. In this manner one might account for the
increased rate of removal of blood glucose following the administration
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FIG. 8. The effect of fructose on the glucose tolerance curve of the
depancreatized dog. Dog M. 16.3 kg. Insulin: daily 18 units, day before ex-
periment 6 units a.m., 28 units p.m.
o o Glucose tolerance curve (control).
A- A Glucose tolerance curve after injecting galactose (0.67 g. per

kg. body weight).
* * Glucose tolerance curve after injecting fructose (0.67 g. per kg.

body weight).
-- Blood fructose values after injecting fructose.

(Arrow indicates time of sugar injections.) [Fletcher and Waters (1938)]
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of fructose. Certainly there is evidence that fructose i:6 diphosphate
is formed, because there is an appreciable increase in blood lactic acid
in animals receiving fructose.

This fructose test may have some application of clinical interest.
While an injection of fructose into a normal fasting dog or into a fasting
depancreatized dog with relatively low blood sugar following the ad-
ministration of insulin produced no decrease in the blood glucose con-
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FIG. 10. The effect of fructose on the blood glucose concentration of the
fasting normal dog and of the fasting depancreatized dog.
A-A Glucose ) Fructose (0.5 g. per kg. body weight) injected into
^---^- Fructose normal dog.
o-o Glucose I Fructose (0.67 g. per kg. body weight) injected into
o- - -o Fructoses fasting depancreatized dog (receiving insulin) with

high blood sugar.
*- *Glucose 4 Fructose (0.5 g. per kg. body weight) injected into
*- - -. Fructosef fasting depancreatized dog (receiving insulin) with

low blood sugar.
(Arrow indicates time of sugar injections.) [Fletcher and Waters (1938)]

centration, it was possible on two occasions to demonstrate a decrease in
blood glucose in the fasting animal. On these occasions the depancrea-
tized dogs had received protamine zinc insulin the night before, as
usual, but the following morning the blood sugar was appreciably above
the normal fasting level; injection of fructose into these animals pro-
duced a significant decrease in the fasting blood glucose concentration
(see Fig. io). Thus an intravenous injection of fructose into a fasting
diabetic patient may lower, temporarily, the high blood glucose, or
there may be an immediate increase in the blood glucose. The former
reaction might be interpreted as indicating that some insulin was still
being supplied by the pancreas, while the latter response might indicate
an absent or very small supply of endogenous insulin. This, of course,
is speculation. Certainly no such experiments have been done.

This rather curious effect of fructose which can be demonstrated
in dogs may provide an explanation for earlier reports that, for a short
time at least, some diabetic patients were said to be able to assimilate
added fructose better than a corresponding extra quantity of glucose,
as judged by the resulting glycosuria. There may be an increased syn-
thesis of glucose to liver glycogen.
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It has already been pointed out that the best known reaction of
insulin, namely its lowering effect on the blood sugar, was the reaction
most useful, indeed it was the indispensable test, in its isolation. The
next best known reaction of insulin is on the synthesis and storage of
glycogen, both in muscles and in the liver; though the role of insulin in
the storage of glycogen in the liver is on occasion equivocal. Some
would point to the part played by the hyperglycaemic factor, of which
we shall have more to say later. However, the deposition of glycogen
was the first clue as to what happened to some at least of the blood sugar
under the action of insulin. There were many who made the far-reach-
ing interpretation from this sort of experimental finding, that before
glucose could be metabolised it had to be synthesised to glycogen. The
evidence for this view was always circumstantial and we now know,
particularly through the isotopic studies of Stetten and his associates,'5
that the bulk of glucose is not transformed into glycogen. Glycogen is
a storage form of glucose, and, provided there is ample blood sugar,
insulin will cause increasingly large deposits of glycogen. More recently
and again as a result of isotopic studies with deuterium, Stetten and
Klein (1946),16 supporting and extending earlier conclusions of Drury
and others, have shown that insulin causes a rapid conversion of blood
glucose to fat, presumably, in the liver. Thus fat can be regarded as
another form of storage of blood glucose, and indeed much more of
the blood glucose of an ordinary mixed diet is stored as fat, under the
action of insulin, than is stored as glycogen. We may still regard insulin
as indubitably playing the role of a storage hormone: converting blood
glucose above a certain concentration to fat and glycogen for later use.
This storage mechanism is radically interfered with in the absence of
sufficient insulin. What other role or roles insulin plays is still being
vigorously investigated; such for example as the effect of insulin on
oxygen consumption-is the, oxygen consumption increased or is oxida-
tion shifted from one type of metabolite to another?

It will be recalled that Boxer and Stetten (1944)17 showed that far
more glycogen is formed from glucose in the previously fasting rat
receiving a solution of glucose by mouth than is formed in the rat feed-
ing in normal fashion on a high carbohydrate diet. They supposed that
this difference was due to the fasting state. Now it is known that fasting
tends to decrease the formation of glycogen (at least less glycogen is
deposited in a rat receiving glucose previously fasted 48 hours than in
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a rat fasted 24 hours.) Therefore one might suppose that the effect of
fasting for 24 hours as in Stetten's experiments would be to decrease
glycogen synthesis over what would occur in a well-fed rat. The ex-
planation for the difference might reasonably be that in the case of rats
fed on the high carbohydrate diet (starch) the blood sugar would not
rise as high as in the rat fed glucose, and therefore less glucose would be
stored as glycogen in the former animals. That is to say, the effect of
insulin is to remove rather rapidly blood sugar in excess of a certain
concentration, and the higher the glucose level above that concentration
the more storage of glycogen will occur. Whether the much higher
blood glucose concentration in rats receiving glucose only, results in an
increased rate of secretion of insulin from the pancreas is still something
that one might mention without being able to throw any more light on
the problem. Other hormones we know play their part: a more satis-
fying description of what happens in this instance and in others will be
obtained when further knowledge of the enzyme systems involved is
elucidated and the way in which the various hormones influence these
enzymic reactions.
A good deal of interest has been aroused amongst laboratory in-

vestigators recently about the hyperglycemic factor present in some
preparations of insulin, both crystalline and amorphous. Whether the
substance responsible for this effect is present as such in the pancreas
or whether it is a product formed during the isolation of insulin has
yet to be determined. If the former is the case, it would at least prove
of continued interest to physiologists. The physiological significance
has yet to be shown; so also has its clinical significance. It has been
stated that only "novo" insulin, produced in Denmark, is consistently
free of this hyperglycemic material.

Shipley and Humel (1945)18 incubated rat liver slices in the animal's
own serum and noted that the glycogenolysis which occurred was in-
creased by the addition of insulin. They also found that the rate of
accumulation of new carbohydrate was increased. These effects were
obtained with liver slices, possessing a high initial glycogen content,
from well-fed animals. Having in mind the experiments of Bouckaert
and de Duve as described in their review (1947)19 on the action of
insulin, it was natural to suspect that this effect on rat liver glycogen
which Shipley and Humel obtained might be attributed to the hyper-
glycaemic factor which Bouckaert and de Duve had shown to be
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FIG. 11. Effect of insulin on fasting blood
sugar. (Arrows indicate times of insulin injec-
tions.) [Balasubramanyam and Waters]

present in some insulin preparations. They were. able, for example, to
show that the fall in the blood sugar concentration of a rabbit injected
with 30 units of insulin, free of the hyperglycaemic factor, could be
prevented either by an infusion of glucose at the high rate of I.4
g./k.Ihr. or by an infusion of about 20 u./k./hr. of another brand of
regular insulin. I therefore decided, with Mr. G. Balasubramanyam of
Madras, India, at present a postgraduate student in Dr. Best's labora-
toixies, to investigate more closely this effect of insulin on the glycogen
of rat liver slices. These experiments are still in progress; the conclu-
sions we draw from them will therefore be somewhat speculative and
will await confirmation by further tests which we are now carrying out.
Our plan was to use two samples of crystalline insulin, of different
potency but manufactured by the same pharmaceutical house. We are
greatly indebted to Mr. A. H. Lacey of the Insulin Committee Labo-
ratory at the University of Toronto for these two assayed samples of
insulin. One sample assayed at 22 units per mgm. the other at 27 units
per mgm. We presumed that the insulin of lower potency would con-
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tain more of the hyperglycaemic factor. Solutions of these two prepara-
tions were therefore injected intravenously into fasting rabbits in
amount equal to i unit per kilo body weight and it was soon apparent
that the less potent insulin preparation did give a definite preliminary
hyperglycaemia, while the more potent preparation gave only a slight
hyperglycaemic effect. Indeed, it would be truer to say that, whereas
a sample of "novo" insulin, of Danish origin, known to be free of hyper-
glycaemic material caused an immediate decrease in the blood sugar
of the fasting rabbit, our more potent preparation-the one assaying at
27 units per mgm.-did not cause hyperglycaemia but rather showed a
lag in its production of hypoglycaemia (Fig. i I).

The effect of the two insulin samples, which for convenience we
have called insulin 22 and insulin 27, was also obtained on rat liver
slices from well-fed animals. Three slices of liver, each of about so
mgm. weight and about 0.3 mm. thickness, were placed in three War-
burg vessels, each containing I cc. of the rat's serum. The first slice
was the control. To the second slice 2 units of 27 insulin were added
and to the third slice 2 units of 22 insulin. The vessels were gassed with
a mixture of 95 per cent oxygen and 5 per cent carbon dioxide, and
incubated, with shaking, at 370C. for 2 hours. In this way we have
therefore followed out the general procedure of Shipley and Humel.
We found, as they had, that the addition of insulin to the incubated
liver slices caused an increased breakdown of glycogen and an increased
accumulation of free sugar, over that found in the incubated slice,
without added insulin. We have one additional observation to make,
which we think may have considerable importance if our speculations
can be substantiated in further experiments. In the vessels containing
insulin 22 the glycogen concentration of the liver slice fell to about the
same value as did the glycogen concentration of the slice in vessels
receiving insulin 27, but the amount of free sugar which accumulated
in the former vessels was appreciably more than in the latter vessels.
And the amount of free sugar which formed in these vessels was con-
siderably above that produced by the observed glycogenolysis. So far
we have done no oxygen determinations, and it may be that insulin
22 inhibited the oxidation of free sugar. If we assume that this is not
so, then we should like to put forward the tentative suggestion, that
this hyperglycaemic factor present in both samples of insulin, but in
greater amount in insulin 22, causes not only glycogenolysis but also
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TABLE II. GLUCOSE CHANGES IN RAT LIVER SLICES IN VITRO.
EFFECT OF INSULIN

Serum
glucose
initial

Rat No. mgm. %

1.
2.
3.
4.

5.

............ 121
........... 159
............. 153
......... 250
............... 173

Increase in glucose pro-
Serumt glucose after incubation duced per 100 mgm. of

per 100 mgm. of liver slice liver slice
Control Insulin 27 Insulin 22 Insulin 27 Insulin 22
mgm. % mgm. % mgm. % mgm. % mgm. %

422 515 674 93 152
419 434 826 15 407
320 395 603 75 282
356 347 687 -9 331
348 368 444 20 96

Rat No. "Total glucose content" of liver slices, gm.%

1.
2.
3.
4.
5.

Initial

....... 7.21
............ 7.33

............ 5.91

.............12.56

.......... 6.14

Control

2.93
2.40
2.10
4.38
2.30

Insulin 27

2.42
1.54
1.57

- 4.36
1.76

Insulin 22

2.35
1.538
1.55
4.18
1.40

Glucose produced by
glucogen-olysis per 100

mgm. liver slice

Insulin 27 Insulin 22
mgm. % mgm. %

51 58
86 86
53 55
2 20

54 90

[Balasubramanyam and Waters]

new formation of sugar (gluconeogenesis) (Table IL). If we are so rash
as to presume this to be a physiological mechanism, then the lack of
insulin effect on sugar production which Shipley and Humel obtained
with liver slices from fasting rats might be attributed to the fact that
gluconeogenesis was already proceeding at a rapid rate and the hyper-
glycaemic factor would not therefore be expected to make any further
appreciable increase. Very recently, Sutherland and Cori (1948)21
have investigated the effect of addition of "Novo" insulin and of in-
sulin preparations containing the hyperglycaemic factor, on rat liver
slices incubated in various buffered phosphate solutions. They showed
that insulin which had been inactivated, for example, with alkali, still
exerted its glycogenolytic action but "Novo" insulin, which possessed
no glycogenolytic action, when similarly treated with alkali, did not
develop glycogenolytic properties. One wonders whether this might
not be regarded as circumstantial evidence that the hyperglycaemic
factor may exist as such in the pancreas. In the experiments of Suther-
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land and Cori of the glycogen that disappeared some 6o per cent
might be accounted for in terms of the increase in free reducing sugar.
There is no evidence in these experiments of any gluconeogenesis. But
these workers did not incubate their slices in serum, with its supply of
protein and other metabolites, but in inorganic phosphate solutions.

This seems likely to be a fruitful field of experimentation.
There is a further point. You will have observed that we have been

using insulin preparations of differing potency. The one at 22 units
per mgm. is identical in potency with the international standard of
insulin; the other is appreciably higher, namely 27 units per mgm.
Whether this difference is wholly due to greater admixture of the less
potent preparation with the hyperglycaemic material is not clear. But
since the more potent preparation also contains some small amount of
the hyperglycaemic factor, we may reasonably predict that insulin
preparations assaying at a slightly higher figure than 27 units per mgm.
may be obtained. I understand that "Novo" insulin assays at about 23
units per mgm.

In conclusion: it can be stated that methods for the estimation of
sugar in blood have steadily improved. Greater reliability has been
obtained without unduly increasing the complexity and tedium of the
analysis. It is true that we have not got a chemical method specific for
glucose: from the very nature of glucose that is understandable, for
all methods rely upon its reducing properties. But with the use of
various micro-organisms, such as yeast, proteus vulgaris and several
others a high degree of specificity can be imposed on the relatively
non-specific reduction procedures.
We realise that when we determine the concentration of the blood

sugar we are really dealing with the equilibrium. Sugar is entering the
blood at certain points and leaving it at others. Hormones we know
influence these rates of production and removal; and not only hormones
for we have seen that even the injection of another sugar, namely
fructose, will bring about a profound effect on the equilibrium. Of the
hormones we have made some reference to the part played by insulin.
We have also dealt with, shall we say, a hormone presumptive or a
hormone pretender-the hyperglycaemic factor. It is apparent that
there are a multiplicity of factors governing the height of the blood
sugar level-and yet how very useful it is to have accurate methods
for its measurement.

5 0 THE BULLETIN



Review of Studies on Blood Sugar 5 X

REFERENCE S

1. von Noorden, C. H. Metabolism and
practical medicine. Chicago, W. T.
Keener & Co., 1907, v. 3, p. 537.

2. Benedict, S. R. Determination of blood
sugar, J. Biol. Chem., 1928, 76:457.

3. Nelson, N. Photometric adaptation of
Somogyi method for determination of
glucose, J. Biol. Chem., 1944, 153:375.

4. Somogyi, M. Determination of blood
sugar, J. Biol. Chem., 1945, 160:69.

5. Mosenthal, H. 0. and Barry, E. Ad-
vantages of true venous blood sugar
values for glucose tolerance tests, New
York State J. Med., 1946, 46:2513.

6. Nicholson, T. F. and Archibald, R. M.
Some properties of reducing material
in certain fractions of normal urines;
some observations on nature of non-
fermentable reducing substances in
"fasting" urines, Biochem. J., 1939, 33:
516.

7. Fletcher, J. P. and Waters, E. T. Effect
of fructose on the glucose tolerance
curve, Biochem. J., 1938, 3 :212.

8. Harding, V. J., Nicholson, T. F. and
Armstrong, A. R. Cutaneous blood-sugar
curves after administration of fructose,
mannose and xylose, Biochem. J., 1933,
27:2035.

9. Harding, V. J. and Grant, G. A. Meta-
bolism of galactose; cutaneous blood
sugars after galactose ingestion, J.
Biol. Chem., 1933, 99:629.

10. Bollman, J. L., Mann, F. C. and Power,
M. H. Utilization of galactose following
complete removal of liver, Am. J.
Physiol., 1935, 111:483.

11. Mann, F. C. and Boothby, W. M. Stud-
ies on the physiology of the liver; res-
piratory quotient and basal metabolic
rate following removal of the liver and
injection of glucose, Am. J. Physiol.,

1928, 87:486.
12. Drury, D. R. and McMaster, P. D. Re-

lation of the liver to fat metabolism;
effect of liver lack on fat metabolism
and respiratory quotient, J. LExper.
Med., 1929, 49:765.

13. Crandall, L. A., J r. and Cherry, I. S.
Effects of insulin and glycine on hepatic
glucose output in normal, hypophysec-
tonized, adrenal denervated, and ad-
renalectomized dogs, Am. J. Physiol.,
1939, 12.5:658.

14. Griffiths, J. P. and Waters, E. T. Utili-
zation of fructose in the mammalian or-
ganism as shown by experiments on
hepatectomized and eviscerated prepa-
rations, Am. J. Physiol., 1936, 117:134.

15. Stetten, DeW., Jr. and Boxer, G. E.
Studies in carbohydrate metabolism;
rate of turnover of liver and carcass
glycogen, studied with the aid of deu-
terium, J. Biol. Chem., 1944, 155:231.

16. Stetten, DeW., Jr. and Klein, B. V.
Studies in carbohydrate metabolism; ef-
fects of hypo-and hyperinsulism in rab-
bits. J. Biol. Chem., 1946, 162:377.

17. Boxer, G. E. and Stetten, DeW., Jr.,
Studies in carbohydrate metabolism;
glycogenic response to glucose and lac-
tate in previously fasted rats, J. Biol.
Chem., 1944, 155.237.

18. Shipley, R. A. and Humel, E. J., Jr.
Carbohydrate and acetone body meta-
bolism of liver slices and effect of in-
sulin, Am. J. Physiol., 1945, 144:51.

19. Bouckaert, J. P. and de Duve, C. Ac-
tion of insulin, Physiol. Rev., 1947, 27:
39.

20. Sutherland, E. W. and Cori, C. F. In-
fluence of insulin preparations on gly-
cogenolysis in liver slices, J. Biol.
Chem., 1948, 172:737.

Discussions by
FREDERICK M. ALLEN, EDWARD S. DILLON,
THOMAS H. MCGAVACK, and CHARLES H. BEST

continued on next page



52 THE BULLETIN

DISC USSIONS

FREDERICK M. ALLEN
Professor of Diseases of Metabolism, New York Polyclinic School and Hospital

In trying to discuss Dr. Waters' very
scholarly paper I first take the opportunity
to inquire whether he or his colleagues can
throw any light on a problem which was
discussed in my book published in 1913,
namely diabetic polyuria. Although it may
vary in early mild cases and in some late
cases after the kidney has developed a high
threshold or perhaps organic impairment,
this symptom is a typical feature of full-
fledged diabetes. In contrast to the super-
ficial assumption that glucose is a diuretic,
I was struck by the fact that it is not a
diuretic when given by mouth, subcutan-
eously or intraperitoneally. By these routes
it is anti-diuretic; it diminishes urine; and
only when given intravenously is it a diur-
etic. This rule holds also for animals which
are depancreatized to a degree which does
not cause diabetes but reduces the tolerance
so that marked hyperglycemia can be pro-
duced more easily than in the normal.

Speculatively, I suggested that the glu-
cose given by vein is a crystalloid, but
when given otherwise it enters into some
kind of linkage so that it behaves as a
colloid. But chemists have failed to find
even the loosest linkage or to sustain the
alpha-beta-gamma distinction or any other
difference between diabetic and non-diabetic
blood sugar. On the other hand I overlooked
the fact that glucose given by vein induces
a marked hydremia, altogether different
from the condition in diabetes. The failure
of a speculative explanation should not
distract attention from the observed fact.
It may be argued that glucose in the in-
testine or in the tissues holds water bv
osmosis, or that glycogen is stored together
with water in the normal organism while
the diabetic fails to deposit glycogen. But
the essential fact is that if adequate water
is supplied, the administration of glucose
orally, subcutaneously or intraperitoneally
causes hyperglycemia and glycosuria accom-

panied by slight hydremia and marked oli-
guria. This is in contrast to the polyuria
which should result from this degree of
hydremia without the glucose, and it is
opposite to the diabetic condition, in which
hyperglycemia is not accompanied by hy-
dremia and the glucose diuresis is so power-
ful that it can cause polyuria with desicca-
tion of the tissues and concentration of the
blood. The seemingly intermediate results in
phlorizin or clinical renal glycosuria may
deserve study. My impression also is that
normal animals injected with sugars which
are assimilated poorly or not at all, such
as lactose, sucrose, galactose or pentoses
fail to equal the diuresis of diabetes. Per-
haps these phenomena would be explainable
if I had been in position to utilize the
recent methods of studying kidney function,
but at least superficially the diabetic or-
ganism seems to differ from the normal in
its handling of glucose not only in the
general tissues but also in the kidneys.
On the practical side, I was the first to

advocate treating diabetes according to the
standard of normal blood sugar, and also
the first to contradict the tradition of
spontaneous progressiveness of the disease.
The two ideas are connected. Also the pre-
vention of progressiveness includes compli-
cations. After these many years, there is
still need to defend the thesis that diabetes
and all its accompaniments can be and
should be controlled.

Theoretically, excessive blood sugar is an
abnormality, and we should not risk peo-
ple's lives on an unproved assumption that
a chemical abnormality can continue for
vears without harm. Also diabetes is known
to be not merely an over-production of
sugar but a defective assimilation; there-
fore it appears irrational to claim benefit
from a high sugar due to lack of assimila-
tion when we have means of improving the
assimilation so as to keep the sugar normal.
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Hypothetically, the harm of prolonged
hyperglycemia might be physical, chemical
or metabolic. My previously mentioned book
included experiments with long continued
injections of cane sugar in cats. The damage
to the nervous system, particularly in one

animal which became obese, paretic and
demented, could perhaps be attributed to
the osmotic action of the sugar, and there
might be interest in more prolonged and
less intensive experiments with a non-

assimilable sugar such as lactose with re-

spect to possible arterial lesions. I tried
unsuccessfully to break down the tolerance
of non-diabetic animals with glucose, but
with this method of simple glucose injections
Lukens succeeded in producing hydropic
degeneration of islands and permanent dia-
betes in cats. The traditional progressiveness
of poorly controlled diabetes is thus clearly
explained, and if the pancreatic islands are

so sensitive to this clinical stimulus there is
reason to suspect some effects on other
organs. My own concept is that the meta-
bolic disturbance extends deeper than the
mere sugar molecule, probably altering the
entire mixture of intermediary products and
enzymes. Diabetes is a specific malnutrition.
An elevated blood sugar level is chiefly
important as the most delicate indicator of
this malnutrition. If the malnutrition is long
continued, functional and anatomic deteri-
oration may naturally be expected in the
blood vessels, nerves and other organs, with-
out the need of incriminating fat or any

other single substance as a primary cause.
The distinction from undernutrition is illus-
trated by the pre-insulin experience of
clearing up diabetic complications and im-
proving strength by undernutrition or
starvation. When either undernutrition or

insulin corrects the specific malnutrition
according to the most delicate tests, my

personal testimony is that the progressive-

ness and the complications of diabetes re-

main absent, the degrees of damage which
may be present on beginning treatment are

arrested, and health is maintained indef-
initely.
For testimony other than my own obser-

vations, I have had a few illustrative cases

examined carefully as to the state of their
heart, retina and leg arteries by specialists

in those respective fields. The first of these
patients is a 76-year-old man who has had
diabetes more than 20 years and whom I,

have treated for 19 years. He has no

subjective complaints, carries on his busi-
ness as actively as ever, and runs two miles
before breakfast every day when the
weather is clear. The pulses in his legs and
feet are normal. I am showing you an X-ray
picture of his legs with no calcification of
the arteries. His retina and his heart are

reported thoroughly normal. Obviously this
man merely happens to belong to a small
class of persons who are remarkably well
preserved at an advanced age, but the
essential point is that his diabetes did not
keep him from being well preserved.

I shall omit several similar examinations
of patients above the age of 60 who are

symptom-free and who show no organic
or vascular changes beyond those normal for
their years. They merely conform to the
rule that persons who are normally con-

trolled remain normal. Some other patients
wander away for several years, taking
plentiful insulin to maintain weight and
comfort but eating carelessly so that sugar

is high in blood and urine. They often
return on account of retinitis, heart symp-

toms, gangrene, neuritic pains or other
complications. Though some of these con-

ditions are hopeless, control of the diabetes
does frequently clear them up and it is
alwayvs the most important feature of the
treatment. Since I find the prevention of
these troubles in normally controlled pa-

tients to be uniform, without any exceptions,
I have been watching for accidental lesions.
For example, a certain proportion of elderly
persons should be subject to purely arterio-
sclerotic gangrene, without any diabetic
factor. It can only be said that during the
past 28 years even the slightest beginning
of hypertension has been my indication for
reducing or excluding salt in the diet. Also
the valuable clinical-pathological study of
Wilens, showing an inverse ratio between
body weight and arteriosclerosis, implies
that the sclerosis is at least to some extent
controllable by diet; and the limitation of
fat, total calories and body weight. was my
original principle of diabetic diet. There-
fore it is conceivable that, instead of the
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traditional excess of arteriosclerosis, there
may be a reduction of incidence below that
of the general population. At any rate 1
still can repeat my standing invitation to
ophthalmologists and other consultants who
see my patients, to point out any one of
them who has followed treatment and who
develops any diabetic complications.
The next slide shows the photograph of a

14-year-old girl who has had diabetes only 9
years. She is even better looking than her
picture. Her eyes, heart and leg arteries
are normal. None of her playmates has
any happier life or can surpass her in any
sport. She illustrates the smooth control of
diabetes in a young child with 58 units of
insulin daily. I show her partly to place on
record a declaration that she will be normal
10 years and 20 and more years from now,
and if she marries she can have normal
pregnancies.
The final two slides show diabetic mothers

and their young children. The first of these
is a South American, whose diabetes began
19 years ago, at the age of 16, and I have
treated her for 18 years, by occasional
check-up visits to this country. Her first
pregnancy under the care of local doctors
ended in acidosis and abortion. She remained
in New York during nearly the whole of
her second pregnancy and it was entirely
normal. She expects to come here for the
same purpose again and I predict a similar
result. The second patient became diabetic
22 years ago, at the age of 12 years, and I
treated her for 21 years. After having a
large ureteral stone removed through a

lumbar incision, she went through a preg-
nancy which was normal except for large
size of the baby. This tendency among
diabetics is perhaps explainable as a nutri-
tive effect of the insulin. Because of the
handicap of distance for the first patient
and the rather difficult fluctuating type of
diabetes in the second, their records are
not perfect and therefore perfect results
are not theoretically to be expected. Prompt
correction of irregularities, however, goes
far toward preventing complications, both
puerperal and non-puerperal. There is no
question of the necessity of special treat-
ments after pathological changes have oc-
curred in the arteries and organs. But my
impression is that when such changes are
found in allegedly well managed cases, ex-
amination of the actual records will show
hyperglycemia not slight or brief in char-
acter but of marked degree for long periods
or habitually. My experience is that thorough
control of the diabetes from an early stage
prevents the specific lesions and eliminates
the need for special treatments.
My radical position on the prevention of

progressiveness and sequels in both diabetes
and hypertension is referred chiefly to the
judgment of posterity. This formerly soli-
tary claim seems to be gaining more support
from later writers, in proportion as they
conform to the methods. But the enormous
toll of disability and mortality justifies
regret for the long wasted years without
the experimental and clinical settlement of
this problem which I had once planned.

*0

EDWARD S. DILLON
President American Diabetic Association, Associate Professor of Diseases of Metabolism,

Graduate School of Medicine, University of Pennsylvania

Doctors Waters' paper shows us a sample
of the tremendous amount of work which
is going on in the field of carbohydrate
metabolism resulting in knowledge which
has been accumulating rapidly during the
past 25 years. As is true in the case of all
great discoveries, insulin has posed a great
many more questions than It has answered.

I suppose that this audience is composed
almost entirely of clinicians, like myself,
and I suppose, too, that most of us have
trouble in keeping up with all the work
and discoveries of our good friends, the
biochemists and physiologists. I remember
from my own days in medical school, about
35 years ago, that my knowledge of glucose
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metabolism was pretty much limited to the
fact that one molecule of glucose was oxi-
dized by six molecules of oxygen to produce
six molecules of carbon dioxide and six of
water. We spoke of the energy supplied to
the body by the "carbohydrate fire," as
though the oxidation of glucose to carbon
dioxide and water was consummated in a

single step. Little conception did we have
then of the intermediary steps of glucose
metabolism; of the anaerobic phase consist-
ing of ten steps from glucose to pyruvic acid
in which phosphorylation plays the leading
role; of the aerobic phase below pyruvic
acid, in which one molecule of pyruvic acid
joins with one molecule of oxalacetic acid
and goes in eight steps around the Krebs
Cycle, the pyruvic acid molecule being en-

tirely broken down and the oxalacetic acid
molecule returning to its starting point,
ready to take on another molecule of py-
ruvic acid. All this is a marvelous sequence

of chemical reactions, most of them rever-

sible, in which the body receives energy at
the relatively low temperature of the body
and in the quantities needed at the moment.
How different all this is from a "carbo-
hydrate fire" !

Practicing physicians come in touch with
blood sugar estimations chiefly under two
circumstances, first in the diagnosis of dia-
betes or hypoglycemia, and second, in guid-
ing the treatment of patients with diabetes.

Frequently, sugar is found in the urine
of a patient who has no symptoms and we

are called upon to decide whether he has
diabetes. The normal figures of the blood
sugar tolerance test were established at a

time when the blood sugar methods meas-

ured copper reducing substances other than
glucose as well as glucose. As Doctor
Waters has shown tonight, non-glucose re-

ducing substances may be present in suffici-
ent quantities to result in an apparently
abnormal blood sugar tolerance test if the
method employed measures other copper

reducing substances as well as glucose.
The older blood sugar tolerance standards

were done on venous blood. Now capillary
blood is frequently used. The sugar content
of capillary blood is often considerably
higher than that of venous blood.
Perhaps we need a new evaluation of

what are to be considered normal figures,
using capillary blood and methods giving
true glucose values. Fortunately, when the
figures are borderline abnormal, the changes
which occur with the lapse of time are more

important than our opinions as to exactly
what constitute normal figures.

T1he second use for blood sugars which
we clinicians have is in connection with
keeping our diabetic patients under good
control. A single blood sugar determination,
if very high or very low, will at once, point
the direction our treatment should take. A
single moderately elevated blood sugar, 200
for example, may be quite meaningless
unless we take into consideration the chief
factors which determine the 24 hour blood
sugar pattern of this particular patient.

1. Time-When was this blood taken with
reference to meals? When was it taken
with reference to insulin injections?

2. Insulin What kind of insulin and how
much?

3. Kind of Patient-Is he one whose
blood sugar level changes rapidly un-

der the influence of insulin (insulin
sensitive) or does his blood sugar level
change slowly (insulin resistant)?

These factors must be given careful atten-
tion when one is evaluating th'e meaning
of blood sugar reports, or else serious errors

are likely to occur. The following are

several examples:
(A) A patient is taking 50 units of

protamine daily. Fasting blood sugar

is 200. This is not satisfactory be-
cause in patients taking protamine
insulin the blood sugar level is near

its low point before breakfast. This
patient needs more insulin.

(B) A patient is taking 50 units of
protamine daily. Blood sugar taken
2 hours after breakfast is 200. This
is probably satisfactory as the fast-
ing blood sugar level was probably
much lower before breakfast. Prota-
mine insulin usually does not prevent
sharp post-prandial peaks in the
blood sugar level.

(C) A patient is taking 30 units of
regular insulin before breakfast and
20 units of regular insulin before
supper. Fasting sugar is '200. This
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is probably satisfactory as this is
likely to be the high point of the
blood sugar level for the day. Reg-
ular insulin is likely to be used up

shortly after midnight and the pa-

tients own endogenous insulin may

be insufficient to keep the blood
sugar level down during the rest of
the night. The blood sugar may go

up during the small hours of the
night, even though no food is taken.

(D) A patient is taking 30 and 20 units

of regular insulin as in (C). Blood
sugar is 200, taken 2 hours after
breakfast. This is not satisfactory
as regular insulin is quick acting
and should have kept the post-
prandial blood at a lower level than
200.

Many more examples might be cited. A
single blood sugar is always difficult to
evaluate and repeated estimations must be
made until the 24 hour pattern of that
particular patient is established.

0 0 0

THOMAS H. MCGAVACK
Professor of Clinical Medicine, New York Medical College

Dr. Waters has emphasized differences in
behavior of simple sugars in blood. While
much of what he has said falls far outside
the daily routine of the clinician, many per-
tinent deductions of practical value can be
drawn therefrom. For instance, the major
portion of galactose must pass through the
liver before it is made available in any
quantity to function as blood sugar. This
remains the fundamental fact of practical
importance to the clinician in using some

form of the galactose tolerance test for the
diagnosis of disease. We prefer to use the
intravenous test, which seems to give more

reliable and more uniformly comparable
results.
This galactose tolerance test proves of

most value, as Dr. Waters has already
emphasized, in diseases which may interfere
with levels of blood glucose and liver func-
tion simultaneously. I refer especially to
thyrotoxicosis and diabetes mellitus, par-

ticularly the form of diabetes mellitus that
may be associated with a fatty liver or

with diffuse pancreatic disease such as

hemochromatosis. The intravenous admini-
stration of galactose in such instances and
its subsequent periodic determination in the
blood affords an accurate gauge of the gly-
cogenic and possibly also of the glycogeno-
lytic function of the liver.

In connection with Dr. Waters' comment
on the behavior of the various simple sugars,

one question seems apropos in conjunction
with his remarks, and I quote: "While fruc-
tose will prevent the decrease in the blood
glucose concentration of the liverless animal,
there is no increase in the glucose concentra-
tion even when large doses of fructose are

injected." Does Dr. Waters mean that under
such circumstances the muscles and other
tissues utilize fructose directly for energy
and possible glycogen formation?
Concerning the methods for determining

blood sugar, Dr. Waters has stressed those
procedures which depend upon copper salts
as the oxidizing agents. Does he by implica-
tion or otherwise feel that these are in gen-

eral more accurate than those methods that
depend upon the ferricyanide reaction ?
While we use the copper salt methods ex-

clusively in our laboratories, there are

certain modifications of the ferricyanide
method such as the "timing method of Van
Slyke and Hawkins" that are attractive be-
cause of the speed with which they can be
performed.

I believe it is usually conceded that
glutathione and ergothionine make up the
greatest portion of the non-glucose reducing
agents while creatinine, uric acid and some

undetermined materials the remainder. In-
asmuch as Benedict's copper sulfate reagent
is probably not reduced by glutathione, this
reagent should give rather more accurate
results than other reagents. This I believe
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is a fairly well settled matter but still one
occasionally sees the statement questioned
in the literature.

It is certainly important to touch upon

the difference between the true blood sugar
and all the reducing substances, especially
in view of the fact that Mosenthal's exten-
sive studies have demonstrated non-glucose
reducing substances in quantities all the
way from 1 mg. to 78 mg., with nearly 40
per cent of his subjects showing values
above the ordinarily accepted maximum fig-
ure of 30 mg. per 100 cc. of blood. Inas-
much as the amount of non-glucose reduc-
ing substance may vary from time to time,
even within a short space of time, we believe
several specimens should be examined in
doubtful cases, and the results of fermenta-
tion procedures compared with those in
which copper salts are reduced. I hope that
Dr. Mosenthal will amplify these points
himself, so I shall not dwell further upon

them.
It seems to us that in any discussion of

methods for blood sugar, the problem actu-
ally begins, not in the laboratory, but at
the bedside. The first point in this regard
concerns a dictum rarely stressed, and, I
must admit, often violated in our own work.
It has been shown that the insertion of a

needle into a vein mav in a reasonable time,
five minutes or so, produce a variation in
the value for blood sugar. This affords
plenty of time for withdrawing satisfactory
specimens. However, usually a tourniquet
is used. Within 15 to 30 seconds, this may

cause fluctuations, commonly up, but some-

times down, in the value for blood sugar from
15 to 25 mg. per 100 cc. of blood. It seems

an important rule, therefore, never to apply
the tourniquet until completely in readiness.
If venipuncture is unsuccessful at the end
of a maximum of 15 seconds, it then should
be removed and the procedure tried on the
opposite arm.

The next point in obtaining the sample
to be tested concerns the timing of our

specimen. I shall refer particularly to the
diabetic in whom frequent determination-,
may be desirable. Our aim is to obtain as

much information as possible about the
condition of the subject with least dis&
turbance to him. Diagnostic punctures are

probably best made in the post-absorptive
state, fasting. Further punctures are not
necessary in our opinion until the patient
becoiues aglycosuric. As soon as this occurs

both fasting and two and one-half hour
post-prandial determinations are desirable
to determine both the resting state and the
response to the ingestion of blood sugar
precursors. Thereafter the post-prandial
value gives us an idea of the renal threshold
for glucose and serves as a guide to further
therapy. As a general rule the older dia-
betic may show a glucose value at this time
up to 250 mg., and sometimes much higher
without a spill of sugar in the urine. Fur-
ther more, the post-prandial figures become
both more desirable and valuable, because
they can be obtained without disturbing the
patient's therapeutic regimen in any way.
Perhaps it is trite and forthright insulting
to emphasize this really obvious point
among physiologists and clinicians, but it
is amazing how slow we have been-and I
am certainly among the guilty ones-to
urge the adoption of this change in routine
upon both clinics and hospitals. It may be
equally out of place to emphasize the fact
that comparative glucose tolerance tests
have no part in the management of the
known diabetic. However, all too frequently
we see such tests ordered. Moreover, com-

parative tests are of little value unless the
patient is on a diet of fixed proportions
and amounts of carbohydrate, protein and
fat.
Dr. Waters has referred to the effect of

fructose absorption upon the concentration
of glucose in the blood. In the type of
experiment described, does fructose go di-
rectly to a levulose furane form or via
glucose? I assume the former. Since insulin
is necessary for this effect of intravenously
administered fructose in lowering the glu-
cose of the blood, a possible explanation
may be in the behavior of the fructose and
glycogen. The former via a furane levulose
form may enter directly into the three car-

bon stage as described by Cori, Stettin and
others, thus never becoming available as

glucose. Simultaneously, glycogenolysis may

be depressed thus eliminating another
source of glucose.

Dr. Waters has touched upon the ability

57



58 THE

of the kidney to form glucose, a feat which
it seems to accomplish not only from carbo-
hydrate intermediaries but also from amino
acids. While, in relation to the total glucose
of blood and tissue this function may be
small, in some experiments kidney slices
In serum have elaborated more glucose than
simultaneously prepared and treated liver
slices. In any event, the question of the role
of the kidney in the regulation of blood
sugar deserves consideration. For instance,
is it possible that the kidney has played a
role in making a portion of the ingested
galactose available to the peripheral tissues
in the hepatectomized animals mentioned by
Dr. Waters? In regard to this effect upon
glucose formation, is the kidney subject to
internal regulation of an endocrine nature
not unlike that of the adrenal cortex? Selye's

experimental work may suggest this. He
has shown that, at least histologically, the
kidney can be transformed experimentally
into a structure of wholly endocrine type
resembling the adrenal in appearance and
lacking all excretory function.

Finally, there is another point at which
Dr. Waters' comments may touch upon the
endocrine system. He has mentioned the
hyperglycemic factor found even in highly'
purified preparations of insulin. Does he
think this factor plays any part in the pro-
duction of the clinical state of "insulin re-
sistance"? In view of the short duration of
its action, we lean somewhat away from
such an hypothesis. However, as insulin
formation may be a continuous process, it
seems a difficult one to abandon entirely.

* 0 0

CHARLES H. BEST
Professor of Physiology and Director of the Banting and Best Department of

Medical Research, University of Toronto

I have been greatly impressed this even-
ing by the familiarity which our clinical
friends have demonstrated in the fields of
physiology and biochemistry.

I am afraid that Dr. McGavack has posed
so many questions to Dr. Waters that an-

other full lecture may be required to answer
them.
The President of the American Diabetes

Association has shown himself familiar with
all the steps in the oxidation of sugar and
the formation of glycogen. I suspect that he
has learned these rather recently, and many
of us are in the same situation.
In connection with Dr. Allen's remarks,

I may say, as I have said before, that his
book on diabetes was something of a Bible
to us in the early days of insulin, and I pay
tribute to him as a great clinician, as well
as a very productive physiologist and bio-
chemist. It is a great pleasure to see
those healthy looking patients of his.

I was at a medical meeting in Toronto
not long ago. A young lady, daughter of
a close friend of mine, gave a paper. It

so happened that some years ago I lent
her father a hand in teaching her to ride
and also attended many piano recitals at
which she was one of the performers. When
I was suddenly asked to discuss her paper
at the scientific meeting, I confess I could
barely remember what it was about as I
was so relieved she had not fallen off or
played a wrong note.
Of course, I had no apprehension about

Dr. Waters, a senior member of my staff
who has always handled himself well, but
I do confess that I was somewhat relieved
when he stopped telling Welsh jokes and
really got down to the subject of the paper
of the evening.

I have just returned from the Federation
meetings in Atlantic City and r can tell
you that I listened to all the papers in two
sections. I was chairman of both these
sections. I could not get out.
One of the communications was on blood

sugar and the young lady who gave the
paper was challenged by a member of the
audience, who turned out to be Dr. Somogyi.
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He asked her about the value which she
got. Hler reply was really quite adequate.
She said, "Sir. 1 used your recent method
and followed it most carefully." There was
no further comment.
One of the papers was by Dr. IReinecke,

who spoke on the formation of sugar by
the kidney. When this process is studied
in the intact or hepatectomized animal, there
is a definite quantity of sugar formed by
the kidney which is however small when
compared to that produced by the liver.
There seems to be no doubt about the fact
that the kidney is capable of gluconeo-
genesis. The stage has not been reached
yet when the influence of the various hor-
inones on this action of the kidney can be
studied with much hope of success.

Since the war many of us have been
taking stock of the situation in the treat-
ment of diabetes and there are some points
on the credit side and some that are not
so satisfactory. The mortality statistics have
on the whole been better than one would
have predicted. On the other hand, many

cases in which complications have occurred
have been recorded. We are all grateful
that more accurate knowledge of the situa-
tion has been secured. We realize, however,
that much better clinical methods of treat-
ment can be more generally applied. The
experimentalist has fallen short of his goal
in that he has not made available the best
form of insulin, i.e. one which will be
liberated in response to need. It is a terribly
perplexing situation when a clinician states
that he sees just as many complications
with the accurate control of blood sugar as

he does when the blood sugar in this patient
is not accurately regulated. I must say that
in many cases the comparison is between
poor treatment and moderately good treat-
ment and that the real physiological control
of blood sugar is extremely difficult and

perhaps at present unattainable in some

young children.
On the other hand, Dr. Allen and others

tell us that it is possible in many, perhaps
in all of their cases, to secure accurate
control and we must watch these patients
very carefully. They may lead the way to
better treatment of diabetes. Those of us

wh}so have worked on the experimental as-
pects of diabetes feel a great continuing
responsibility to attempt to put into the
hands of the clinicians the verv best tools
wN1hich can be made available.
We did of course follow a few adult

diabetic (logs through five or six years of
their lives after insulin became available,
and there were few or no complications.
We have not as yet followed the puppies,
in which the pancreas has been removed,
throughout the whole span of their lives,
and I hope that this will now be done in
many laboratories. If it can be done success-
fully in puppies and in other species, one
will feel fairly certain that similar results
can be secured in human subjects. We will
he greatly encouraged.

It is very refreshing that a number of
groups of experimentalists are studying
-atherosclerosis. Those of us who are par-
ticularly interested in this subject are very
pleased that workers can produce choles-
terol atherosclerosis in other species than
in the rabbit when the basal metabolism is
lowered by thyroidectomy or thiouracil. It
is extremely interesting that atherosclerosis
occurs so frequently in certain species in
which the blood fats are normally at a high
level. I think that great progress will come

in this sphere.
I may predict also that there will be

better forms of insulin; that the diet for
diabetics will be improved from the point of
view of protection against atherosclerosis,
and if research workers are permitted to
carry on with their peace-time interests,
that there will be a still more rapid increase
in the rate at which new and useful knowl-
edge in the whole field of diabetes will ac-
cumulate.
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